Objective: The objective of this study was to compare the clinical outcomes of the cervical interlaminar epidural steroid injection (CIESI) for unilateral radiculopathy by the midline or paramedian approaches and to determine the prognostic factors of CIESI.
INTRODUCTION
is used for the conservative management of neck pain or cervical radiculopathy. A systematic evaluation concluded that CIESI significantly relieves chronic intractable pain of cervical origin and also provides long-term relief (1, 2) . Compared with lumbar epidural steroid injections, CIESI has additional technical challenges associated with more narrowed epidural space and inconsistent 'loss of resistance technique' due to a high incidence of discontinuity in the ligamentum flavum at the cervical region (3, 4) .
There are two approach techniques used in CIESI: midline and paramedian. The paramedian approach is sometimes preferred, because it is believed to provide a better therapeutic outcome due to the delivery of a relatively high volume of injectate directly into the affected nerve root http://dx.doi.org/10.3348/kjr.2015. 16.3.604 pISSN 1229-6929 · eISSN for the following reasons: prevenient CIESIs in 539, other spinal steroid injection within three months in 71, bilateral cervical radiculopathy and/or dominant cervical axial pain in 142, no cross-sectional image in 154, previous cervical spine surgery in 11, asymmetric distribution of injectate with midline approach in 27, and symmetric or contralateral distribution of the injectate with paramedian approach in 31. Thus, 182 procedures of 182 patients were included in this study.
Cervical axial pain consisted of pain or soreness in the posterior neck muscles, with frequent radiation to the occiput or shoulder regions that did not usually follow a dermatomal distribution. Cervical radiculopathy manifested as pain traveling down the neck and shoulder into the arm of the patient, with radicular distribution (5) .
Injection Technique
All CIESIs were performed under biplane fluoroscopic guidance by two musculoskeletal radiologists experienced in spinal intervention. The patient was placed in the prone position. A pillow was placed under the patients' chests to elevate the shoulders, which helps to widen the interlaminar space by flexing the spine. The skin of the posterior neck was prepared and draped in sterile fashion. A local anesthetic was administered with a 26-gauge needle. The epidural space was entered between C4 and C5 to C7 and T1. A 22-gauge 12-cm spinal needle was then advanced into the epidural space, with a midline (Fig. 1) or paramedian (Fig. 2) approach. The side of the paramedian approach was selected to match the symptomatic side. When the needle was just posterior to the spinolaminar line, where it had engaged the ligamentum flavum, test injections of contrast material (Omnipaque 300 [iohexol, 300 mg I/mL]; Amersham Health, Princeton, NJ, USA) were administered while the needle was being advanced until the epidural space was entered. When the contrast material in the needle was spreading in epidural space, we stopped advancing the needle and confirmed that the needle tip was in the epidural space with an additional test injection of contrast agent. Anteroposterior and lateral epidurogram were obtained to document the needle position and to evaluate the extent of opacification. This was followed by the injection of 1 mL of a suspension containing 40 mg of triamcinolone acetonide (Tamceton [40 mg/mL]; Hanall Pharmaceutical, Seoul, Korea) and 1.5 mL of preservativefree normal saline solution.
sleeve; but this has not been verified in clinical trials.
The aim of this study was to compare the clinical outcome of CIESI for unilateral radiculopathy, by using midline and paramedian approaches, and to identify factors that are predictive of therapeutic outcome after CIESI.
MATERIALS AND METHODS

Patients
This retrospective study was approved by our Institutional Review Board and did not require informed consent. From January 2009 to December 2012, 1157 CIESIs were performed in our department. This investigation was based on medical records, CT or MR images, and sets of anteroposterior and lateral fluoroscopic views obtained during CIESI.
The patients received CIESI by either a midline or paramedian approach under fluoroscopic guidance. We defined the midline approach as a confined needle tip within the vertical lines of the spinous process in an anteroposterior fluoroscopic view. The paramedian approach was defined when the needle tip was located outside of the vertical lines of the spinous process in an anteroposterior fluoroscopic view. After the CIESIs were completed, anteroposterior and lateral epidurogram were obtained to document the extent and dispersal pattern of the injectate within the epidural space. Patients were included in this study, if the patterns of epidural contrast material flow of the injectate were bilaterally symmetric with a midline approach or ipsilateral in more than two thirds of the areas of the injectate distributions with a paramedian approach. Since we were only evaluating impact of the injection on unilateral radiculopathy, we excluded the cases with unintended consequences of midline approach with asymmetric distribution or paramedian approach with symmetric or contralateral distribution of the injectate on unilateral radiculopathy.
Further inclusion criteria were patients with the following conditions: 1) unilateral cervical radiculopathy; 2) first time of receiving CIESI at our institute; 3) no previous (within 3 months) spinal steroid injection; 4) presence of a crosssectional image, such as CT or MR image, of the cervical spine; and 5) presence of follow-up records after CIESI. Exclusion criteria were as follows: 1) bilateral cervical radiculopathy and/or dominant cervical axial pain; 2) combined peripheral neuropathy; and 3) previous cervical spine surgery. A total of 975 procedures were excluded 
Image Analysis
All images were reviewed on a picture archiving and communication system workstation monitored by two musculoskeletal radiologists. The images were analyzed by consensus between the two reviewers. The CT or MRI images were assessed for the cause of radiculopathy: disc kjronline.org herniation versus neural foraminal stenosis. Disc herniation was defined as a localized displacement of disc material beyond the limits of the intervertebral disc space (6) . Neural foraminal stenosis was defined as neural foraminal narrowing with uncovertebral joint hypertrophy and facet joint hypertrophy (5) . The MR imaging characteristic of a disc herniation was isointense to parent disc on T1-weighted images, and iso-to increased signal intensity on gradient-recall images. An osteophyte or uncovertebral spur appeared as hypointense on T1-and T2-weighted images. On CT examination, disc herniation was in intermediate density similar to the parent disc, and osteophyte or uncovertebral spur had bone density (7). Anteroposterior and lateral fluoroscopic views obtained during CIESI were reviewed for procedure-related problems, such as penetration of the thecal sac or intravascular injection.
Review of Clinical Data
A retrospective review of patients' medical records was performed by an independent researcher. After CIESI, first follow-up was done in the department of radiology, neurosurgery, orthopedic surgery, or rehabilitation within 2 months. Pain intensity was quantified by a horizontal 100-mm visual analog scale (VAS). The treatment outcome of CIESI was also assessed by using five-point outcome scale as follows: 0 (aggravated), 1 (the same as before), 2 (slightly improved), 3 (much improved), and 4 (no residual pain). Effective outcome was defined as at least 50% reduction of VAS score or an outcome scale score of 3 or more after CIESI. The researcher reviewed the medical records of the patients for clinical data including age, gender, duration of radiculopathy, and first follow-up period after CIESI.
For the patients with previously failed CIESI, we reviewed the methods of additional treatments. If the patients had been given an additional transforaminal epidural steroid injection after ineffective CIESI, the effectiveness of the transforaminal injection was also evaluated by the same criteria as CIESI. For the patients with previously successful CIESI, we checked the number of patients who had been given an additional CIESI for the recurrence of the symptoms within one year. Among all of the patients, we counted the number of patients who had undergone an operation after CIESI within one year and described each number of operated patients according to injection approaches.
Statistical Analysis
An independent reviewer provided statistical analysis. Factors such as age, gender, approach technique, duration of radiculopathy, and cause of radiculopathy were evaluated as possible prognostic factors of the treatment effect of CIESI.
Continuous variables were summarized as medians and ranges. Categorical variables were summarized by frequency and percentage. The Mann-Whitney U exact test was used for non-normal continuous variables, and Fisher's exact test was used for categorical variables. Univariate and multivariate logistic regression analysis were used to evaluate potential prognostic factors.
A Mantel-Haenszel test was also performed to control the effects of other possible confounding variables on the effect of CIESI, between the midline and paramedian approaches. A post hoc power analysis was performed to calculate the statistical power. A p value less than 0.05 was considered statistically significant. Odds ratios are presented with a 95% confidence interval. Statistical analysis was performed using the SPSS software package (version 20.0.; SPSS Inc., Chicago, IL, USA).
RESULTS
In 1157 CIESIs, a total of 182 procedures were included in this study. The patients underwent CIESI with a midline (n = 69) or paramedian (n = 113) approach. This study included 97 males and 85 females; the median age was 54 years, with a range of 27 to 79 years. The median duration of radiculopathy until the time of the procedure was 3 months, with a range of 3 days to 36 months. The median period of the first follow-up was 20 days, with a range of 5 to 46 days. Disc herniation was found in 82 patients, and neural foraminal stenosis was in 100 patients. Patients with midline approach were significantly older than those with paramedian approach (p = 0.006). No statistically significant differences were found between the midline and paramedian approach, with respect to gender, duration of radiculopathy, cause of radiculopathy, and first follow-up period. These results are summarized in Table 1 .
Cervical interlaminar epidural steroid injections were effective in 124 of 182 patients (68.1%), and it was ineffective in 58 of 182 patients (31.9%). Five variables were included in the univariate logistic regression analysis for prognostic significance, as listed in Table 2 . The only factor significantly associated with clinical outcomes was kjronline.org the cause of radiculopathy. Sixty eight of 82 patients (82.9%) with disc herniation had effective pain relief, and 56 of 100 patients (56.0%) with neural foraminal stenosis had effective pain relief (p < 0.001). We found no significant difference in the clinical outcomes between midline (69.6%) and paramedian (63.7%) approach (p = 0.749), at short-term follow-up. Post hoc power analysis revealed the power of the study to be 12.3% in detecting a significant difference of clinical outcome between the approaches.
After controlling for the cause of radiculopathy, there was no significant association between the approach technique and clinical outcome (p = 0.790). These results are shown in Table 3 . After controlling for gender, there was no significant association between the approach technique and clinical outcomes (p = 0.896).
When we controlled for predictive factors using the multivariate logistic regression analysis, cause of radiculopathy was the only significant factor related to the treatment effect of CIESI (p < 0.001). CIESI was significantly more efficacious for cervical radiculopathy in disc herniation than in neural foraminal stenosis. There was no significant association between the approach technique and the treatment efficacy, after controlling for any other variables examined (p = 0.723). Table 4 summarizes the multivariate logistic regression analysis of the possible predictive factors related to the efficacy of CIESI.
Among the 58 patients who had failed to improve after 
DISCUSSION
In the present study, effective outcome was achieved in 68.1% of patients with CIESI, at short-term follow-up. Several other studies have reported with excellent clinical outcomes in 63% to 83% of cases with cervical epidural steroid injection (8) (9) (10) (11) (12) (13) (14) . To the best of our knowledge, no study has compared the clinical effects of the midline and paramedian approaches. According to our study, the efficacy of CIESI was 69.6% in the midline approach versus 63.7% in the paramedian approach, which were not significantly different (p = 0.723).
The epidural space is a space inside of the spinal canal but outside of the dural sac. It extends from the foramen magnum to the sacral hiatus. The space contains adipose tissue, loose areolar tissue, arteries, lymphatics, venous plexus in abundance, and spinal nerve roots. It is limited posteriorly by the vertebral laminae and the ligamentum flavum, and limited anteriorly by the posterior longitudinal ligament. The lateral border is the pedicle and intervertebral foramen. The epidural space is anatomically subdivided into anterior and posterior compartments. The anterior epidural space is a fairly well-defined space anteriorly limited by the concavity of the vertebral body, intervertebral disc, and posterior longitudinal ligament, and posteriorly limited by the thecal sac. The posterior epidural space is bordered anteriorly by the thecal sac and posteriorly by the ligamentum flavum and the vertebral laminae (3, 15, 16) .
In CIESI, a needle is inserted into the posterior epidural space. The posterior epidural space is triangularly shaped in transverse sections, with its widest part lying posteriorly in the median sagittal plane. The posterior epidural space is filled by a fat pad that becomes narrow towards its lateral margin, and the cervical epidural space is extremely narrow. Above C7-T1 level, no posterior epidural space is evident. A bigger problem with the paramedian approach is that there may not be an approachable epidural space and the intradural space may be more easily entered, which is completely undesirable (3). Thus, midline approaches are considered to be safer than paramedian approaches. In addition, inserting the needle, using a paramedian approach, away from the midline increases the likelihood of facet joint puncture.
When confirming proper needle placement for interlaminar procedures, the spinolaminar line is used as an anatomic landmark. To avoid dural and cord puncture, the needle should not be inserted beyond the spinolaminar line (16) . In the paramedian approach, the spinolaminar line is a less reliable anatomic landmark for entering the posterior epidural space. When the needle tip is not midline, it will need to be advanced more ventrally beyond the spinolaminar line, due to the cylindrical shape of the thecal sac (Fig. 3) .
The minor complications of CIESI include increased axial pain, non-positional headache, facial flushing, and vasovagal episodes. The major complications include permanent spinal cord injury, epidural hematoma or abscess, dural puncture, and post-dural puncture headache (17) . In our series, no symptomatic procedural complications In previous studies, investigators have reported with some contradicting results regarding the predictive factors of the efficacy in cervical epidural steroid injection. Kwon et al. (10) showed that the patients with disc herniations showed better response to CIESIs than the patients with spinal stenoses; and Rivest et al. (18) reported with a similar result while discussing about lumbar spine pathologies. However, Fish et al. (19) reported that central canal stenosis is a significant predictor for a better response to CIESI. Ferrante et al. (20) also reported that a radiologic diagnosis of spondylosis or spinal stenosis was associated with good pain relief. Lee et al. (21) showed that the causes of radiculopathy did not make any differences in the clinical outcomes of cervical paramedian interlaminar epidural steroid injections. In our study, we did not evaluate the difference in efficacy of the approach techniques on patients with central canal stenosis. We did find that CIESI was significantly more efficacious in patients with disc herniation, than in those with neural foraminal stenosis. This is probably due to the antigenic effect of nucleus pulposus and local immune response. Clinical and radiologic studies suggest that multiple inflammatory mediators are associated with the pathogenesis of radicular pain due to nucleus pulposus material (22) . Anti-inflammatory effects of steroids had been described many years ago (23) , and current studies have reported the anti-inflammatory effect of local anesthetics on cells of the immune system as well as other cells (24) .
In addition, there are different research results regarding the influence of age. In transforaminal approach, Lin et al. (9) found that when comparing the patients of 50 years of age or below to males older than 50 years of age, the patients older than 50 years had more favorable outcomes. Ferrante et al. (20) also reported that older patients had significantly better outcomes after cervical epidural steroid injection. Other studies, however, have suggested that age was not a significant predictor of an improved outcome in transforaminal approach (25) and interlaminar approach (10) . In this study, no statistically significant difference was found in the efficacy of CIESI with respect to the age of the patients.
Other studies have also evaluated the prognostic factors for cervical epidural injections. Lee et al. (26) concluded that the significant factors predisposing failure of epidural steroid injection were intensity of symptoms and a previous episode of cervical radiculopathy. Lee et al. (25) reported that previous operation was a poor outcome predictor in kjronline.org transforaminal approach. In this study, we did not evaluate previous episodes of cervical radiculopathy and excluded the patients with previous cervical operation.
There are some limitations to our study. First, it was a retrospective study without a uniform follow-up schedule. Second, there was a lack of data on the longterm pain relief. The results of this study may be helpful when counseling patients for short-term outcomes. Third, treatment effect was measured only by the subjective relief of symptom; there was no objective functional outcome measurement. Fourth, our case definitions for the causes of radiculopathy, disc herniation, and neural foraminal stenosis might have resulted in some misclassifications; but, this is unlikely to introduce biases. Fifth, we excluded the cases of midline approach with asymmetric distribution or paramedian approach with symmetric or contralateral distribution of the injectate, which could have either exaggerated or minimized the impact of either approach in CIESI. In addition, due to the low number of patients, the study was insufficiently powered to detect a statistically significant difference.
We conclude that CIESI with midline or paramedian approach shows similar results in terms of the shortterm outcome; therefore, the midline approach may be recommended, especially for the beginners who have difficulty in deciding the proper position for the paramedian approach. CIESI is significantly more efficacious in disc herniation than in neural foraminal stenosis.
